Reliable synthesis of the various rapidly expanding bodies of evidence is vital for the process of evidence-informed decision-making in environmental policy, practice and research. With the rise of evidence-base medicine and increasing numbers of published systematic reviews, criteria for assessing the quality of reporting have been developed. First QUOROM (Lancet 354:1896(Lancet 354: -1900(Lancet 354: , 1999) and then PRISMA (Ann Intern Med 151:264, 2009) were developed as reporting guidelines and standards to ensure medical meta-analyses and systematic reviews are reported to a high level of detail. PRISMA is now widely used by a range of journals as a pre-submission checklist. However, due to its development for systematic reviews in healthcare, PRISMA has limited applicability for reviews in conservation and environmental management. We highlight 12 key problems with the application of PRISMA to this field, including an overemphasis on meta-analysis and no consideration for other synthesis methods. We introduce ROSES (RepOrting standards for Systematic Evidence Syntheses), a pro forma and flow diagram designed specifically for systematic reviews and systematic maps in the field of conservation and environmental management. We describe how ROSES solves the problems with PRISMA. We outline the key benefits of our approach to designing ROSES, in particular the level of detail and inclusion of rich guidance statements. We also introduce the extraction of meta-data that describe key aspects of the conduct of the review. Collated together, this summary record can help to facilitate rapid review and appraisal of the conduct of a systematic review or map, potentially speeding up the peer-review process. We present the results of initial road testing of ROSES with systematic review experts, and propose a plan for future development of ROSES.
Background
Reliable synthesis of the various rapidly expanding bodies of evidence is vital for the process of evidence-informed decision-making in environmental policy, practice and research [1] [2] [3] [4] . Methods for systematic evidence syntheses (including systematic reviews and maps) are becoming an industry standard for cataloguing, collating and synthesising documented evidence [5] . Systematic reviews and maps are conducted through transparent and repeatable processes, maximising objectivity and attempting to minimise bias throughout the review [6] . Systematic review methods were translated from the field of healthcare to conservation and environmental management in 2006 as a part of emerging 'evidence-based conservation' movement [7] [8] [9] [10] [11] [12] . Systematic reviews are frequently used to assess the effectiveness of management interventions or the effect of an anthropogenic action or natural impact [7, 9] . More recently these methods have been used to answer broader questions that deal with complex systems, for example investigating how, and under which conditions, an intervention or an action may have the greatest effect.
In order to increase the value of reviews for policy and practice and to ensure that they comply with established standards and procedures, formal review coordinating bodies have been established across various disciplines, including Cochrane in healthcare, the Campbell Collaboration in social welfare, and the Collaboration for Environmental Evidence (CEE) in conservation and environmental management. The collaborations provide guidance, training, and endorse reviews through their registration and publication [6, 13, 14] . Where in other fields protocols might be published without peer-review (on e.g. protocol repository platforms), registration and peer-review of a CEE protocol is required and is done through the formal CEE editorial process. Endorsed reviews are vetted by methodology experts and can therefore be trusted as more rigorous and thus more reliable. Nevertheless, substandard reviews remain more numerous (see [15, 16] ) with flaws in planning and design (e.g. protocol either missing or lacks crucial details), conduct (e.g. non-comprehensive search) and/or reporting (e.g. poor clarity or comprehensiveness in the write-up) [17, 18] . Without transparent reporting, even well-designed reviews will fail to show their methodological strengths, undermining their utility in decision-making contexts [17] .
Systematic review methodology was first established in medicine in the 1990 s to support well-informed decision-making for the health sector, initially focusing on synthesising quantitative evidence from randomised control trials [13] . Since then, systematic review methodology has spread across a range of fields, including software engineering, education, social welfare and international development, public and environmental health, and crime and justice [19] [20] [21] [22] , broadening not only the scope of topics but also the methodologies applied. Now, for example, it is standard practice to incorporate observational studies and qualitative research in systematic reviews.
With the rise of evidence-based medicine and increasing numbers of published systematic reviews, criteria for assessing the quality of reporting have been developed. In 1999, as a response to growing evidence of a lack of clarity in reporting of reviews in medicine, an international group of scientists developed a reporting guidance for meta-analyses of randomised trials-the QUOROM (QUality Of Reporting Of Meta-analysis) [23] . To follow methodological changes and conceptual advances, a decade later the QUOROM statement was updated and extended to a new tool that set minimum standards for transparent and complete reporting of systematic reviews and meta-analyses. These updated standards are known as PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) and consists of a 27-item checklist and an easy-to-follow flow-diagram template to demonstrate the stages at which evidence is excluded during the conduct of a systematic review [24] . The PRISMA Statement is accompanied by the PRISMA Explanation and Elaboration document [25] . PRISMA is relevant for reporting of systematic reviews that evaluate randomised trials but also for reviews of non-randomised (observational and diagnostic) studies assessing the benefits and harms of interventions.
PRISMA reporting guidance has been continuously developing (see [26] ) and several extensions have been published so far, including PRISMA-Equity [27] an extension for abstracts [28] and a PRISMA for protocols [29, 30] .
Along with its use by review authors as a pre-submission checklist, PRISMA is used also by journal editors and peer-reviewers to improve reporting standards across medical and general journals [31] . PRISMA has been widely accepted and endorsed by 5 editorial organisations, including Cochrane and the World Association of Medical Editors, and 180 bio-medical journals [32] . To assure global acceptance, the PRISMA statement has been published in multiple biomedical journals and translated into a number of other languages. Additionally, the checklist and flow diagram have been translated into a number of other languages, including Russian, Japanese and Korean [33] . Recently, as awareness of PRISMA has grown, reviewers have also looked to the PRISMA statement and checklist as a form of guidance. Some 25% of reviews in the field of marine biology were found by O'Leary et al. [34] to refer to PRISMA as guidelines used to structure their conduct. Whilst PRISMA is, strictly speaking, a set of reporting standards and not true systematic review guidance, this demonstrates the appeal of systems like PRISMA in acting not only as a reporting standard but also a primer to systematic review conduct.
PRISMA and environmental reviews
As systematic review methodology has been adapted into a variety of other disciplines, new evidence synthesis methods have been developed and the standard and quality of systematic reviews has improved. These developments and adaptations mean that PRISMA may not be a suitable template for many non-medical systematic reviews. We have identified 12 key issues associated with the application of PRISMA to environmental systematic reviews and maps (see Table 1 ). As such, environmental synthesists must identify a suitable alternative for PRISMA to facilitate peer-review, ensure adequate reporting of systematic reviews and systematic maps, and to help raise standards in future reviews. We identify four categories of improvements that are necessary: (i) the ability to handle different types of environmental evidence and synthesis methods (including both quantitative and qualitative reviews); (ii) handling novel review outputs (i.e. systematic maps); (iii) consistency with CEE guidelines and adaptation to the field of environmental management and conservation; and, (iv) increasing the required level of detail and extracting key meta-data to facilitate quality appraisal and peer-review.
Firstly, PRISMA was not designed for reviews that involve narrative, qualitative or mixed methods rather than quantitative methods (e.g.
'Synthesis of results' category: "Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., I2) for each meta-analysis"; and 'Results of individual studies' category: "For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each intervention group (b) effect estimates and confidence intervals, ideally with a forest plot").
There is also a growing community who believe that meta-analysis is not a standalone type of review, but rather a subset of quantitative synthesis tools for combining studies with numerical data aggregatively (and in fact separate from other quantitative synthesis methods, such as meta-regression [35] ). This is an important point, since meta-analyses alone are subject to the same biases as traditional literature reviews [36] .
Secondly, systematic mapping has emerged as a very popular method for evidence synthesis, as a first step in the evidence synthesis pathway and as a means of highlighting knowledge clusters and gaps [14, 15] . PRISMA cannot be easily adapted for these methods that rely more heavily on the earlier stages of the review process (searching and screening) and the outputs of which are databases of evidence rather than full syntheses of study findings.
Thirdly, we see the need for several improvements and adaptations to PRISMA, some of which are highlighted in Table 1 . Standards in systematic reviews have developed considerably in recent years (e.g. [37, 38] ), and some of the suggested methods in PRISMA are perhaps no longer seen as true 'gold standards' .
Finally, we see a timely opportunity to summarise and collect key methodological information during the review submission process that can facilitate appraisal and analysis of review methods, both for individual reviews and for systematic reviews as a whole. Systematic reviews and maps are, by their very nature, lengthy and complex documents that contain a large amount of 2 ) for each meta-analysis", PRISMA [24] checklist #21 'Synthesis of results': "Present results of each meta-analysis done, including confidence intervals and measures of consistency"
Lost nuance of necessary methodological steps: e.g. lack of consistency and comprehensiveness checking, no requirement to avoid bias caused by reviewing and appraising one's own research Problem 12: PRISMA checklist is only useful for authors and editors during submission: no further information provided within the process of completion: it is purely a checklist necessary detail (e.g. 41 pages plus 251 pages across 10 additional files; [39] ). As such, it can be challenging to rapidly locate vital methodological and summary details and statistics regarding the conduct of the review. Whilst checklists are useful for ensuring conformity and completeness, PRISMA-style reporting could also be used for locating important information within a report. Along with a checklist that demonstrates the required information has been included in a report, reviewers could also record and present in a standard form important summary details, such as the number of search results obtained before duplicate removal. We see three major benefits of reporting such summary information along with a review protocol or a report: (1) a summary form would assist in making the review's transparency more usable: i.e. although the review might be fully transparent, vital methodological information might be held within supplementary information, and finding that detail might take considerable time; (2) such a form would allow a rapid review of the robustness of the review's methods. This would facilitate peer-review by collating information that can point to potential issues related to rigour or inconsistencies in reporting. For example, a particularly large number of search results identified across a small number of databases suggests an inefficient and non-comprehensive search strategy, as would a very low inclusion rate at title-level screening; (3) this information could facilitate an appraisal of systematic reviews as a corpus, allowing an assessment of standards in the conduct of reviews along with trends in choice of methodology. Examining the way in which systematic reviews have been undertaken is an important process of reflection, and allows the examination of barriers and limitations in how guidance can be practically applied. It also facilitates the improvement of standards over time by providing data which can be used for assessing the effectiveness of quality management processes for research synthesis and determining areas in which review methods may be susceptible to bias.
Aims and objectives
Here we introduce the ROSES pro forma and flow diagram, and summarise the process through which these were drafted and tested. The target audience for this work is: (i) current and future authors of systematic evidence syntheses (reviews); (ii) journals publishing reviews (including their editors and peer-reviewers); (iii) readers of reviews and the wider research community.
The overall aim of the ROSES initiative is to increase and maintain high standards in the conduct of systematic reviews and maps through increased transparency, and to facilitate the quality assurance of systematic reviews and maps. The key attributes of such a pro forma are that it should: (i) ensure all necessary content required by the current and future updates of CEE Guidelines (CEE [6] ) is present and described in detail; (ii) prevent timeand resource-consuming bounces of manuscripts before peer-review; (iii) facilitate rapid identification of key conduct-related review information by journal editors, peerreviewers and readers; and, (iv) raise and maintain high standards in the conduct of systematic reviews and maps through increased transparency.
Methods
Two authors (NRH and BM) critically reviewed the current versions of PRISMA relating to review protocols [30] and final review reports [24] . We identified a series of shortfalls in relation to the field of conservation and environmental science (see Table 1 ) and proposed solutions to these problems. These solutions involved the addition of information that we felt was lacking, the removal of out-dated or irrelevant information, and the inclusion of standard text on requirements and recommendations from the Collaboration for Environmental Evidence guidance [6] and submission guidelines for authors from the CEE journal Environmental Evidence [40] . The suggested form was reviewed by all four authors and revised according to collated comments. The protocol and review pro forma were then circulated to an external group of six systematic review experts from the field of environmental evidence synthesis. The feedback was collected via semi-structured questionnaire or 30-min interview, subject to expert availability. The pro forma were then revised according to these comments.
Key differences between ROSES and PRISMA
Our proposed pro forma for systematic review and map protocols and reports can be found in Additional files 1, 2, respectively, along with the template flow diagram in Additional file 3. We have also provided an example of a collated meta-data from protocols of a recent systematic review and a map (Additional file 4). We have called this pro forma Reporting of Strategies in Systematic Evidence Syntheses (ROSES). We will now summarise four key features of ROSES (fully outlined in Table 2 ).
Firstly, ROSES has been adapted specifically for systematic reviews and maps in the field of conservation and environmental management. We have drafted ROSES as experienced systematic review and map authors, as authors of evidence synthesis methodological guidance, as quantitative and qualitative conservation and environmental researchers, and as editors of journals publishing systematic reviews. As a result, we feel that ROSES better reflects the nuances and heterogeneity across the situations in which we work as reviewers than does PRISMA. In particular, we have ensured that ROSES is specifically adapted for a variety of synthesis methods common to the field of environmental research, such that narrative and qualitative syntheses (i.e. synthesis of qualitative data) also benefit from the form.
Secondly, we have significantly increased the level of reporting detail by adding in additional points and providing brief methodological guidance to make it clearer for authors and readers when a systematic review does not include a 'gold standard' step, recommended by a review coordinating body such as CEE. For example, bibliographic checking is the process by which the bibliographies of relevant reviews are screened for potentially relevant studies that might have been missed by even the most comprehensive of searches. Additionally, we see the need to promote the conduct of high quality systematic reviews and maps (a recognised problem in the field [41, 42] ). It has been noted that PRISMA has been inappropriately referred to as 'methodological guidance' in previous systematic reviews [34] , despite its brevity and limited detail: most importantly it was designed for assessing standards of reporting NOT review conduct. We have increased functionality of ROSES and included methodological guidance notes to help authors to conduct a high quality review along with high quality reporting. However, ROSES should only be used as a methodological guidance when considered together with the CEE guidelines.
Thirdly, we have departed from the format of PRISMA by not only providing reporting guidance in a checklist form, but also including requirements to record summary information (i.e. meta-data) that describes the key steps in the conduct of reviews. This increased resolution facilitates a rapid understanding of the robustness of the review methods and allows readers and peer-reviewers to identify potential issues with the review that require further investigation.
Fourthly, we have extended the methodological scope to follow trends in methodological development [43] and included reporting and methodological guidance for systematic maps.
Distinction between checklist and meta-data
In practice we see that ROSES should be completed by review authors upon submission to an adopting journal, for example, the CEE journal Environmental Evidence and this should be compulsory. The checklist would demonstrate to peer-reviewers and editorial staff that the protocol or review report includes all the necessary information. This step would save substantial time and resources for the editorial manager, whose role is to ensure that manuscripts meet basic standards before being sent out for peer-review. It could also significantly reduce time for manuscript consideration by the journal, of great benefit to reviewers and their stakeholders. Meta-data would be separated from the checklist upon submission, forming a summary page and a flow diagram (see Additional files 3, 4). These two files could be appended to the submission and sent to peer-reviewers to facilitate peer-review and improve the quality of methodological feedback. The ROSES checklist, flow diagram and summary page could then be published alongside the final protocol and review to give an overview of its rigour.
Digitisation of ROSES
The ROSES pro forma is intended to be completed and submitted along with final protocols and review reports. The ROSES pro forma will be made fully digital and interactive on a web-based platform that would allow for meta-data to be automatically extracted and collated into a summary (similar to the example of collated meta-data provided in Additional file 4) and the flow diagram (see Additional file 3). ROSES pro forma and flow diagram are available via a dedicated online platform that also contains background information and support, along with examples of use. 
Benefits of ROSES
We see several benefits of ROSES as the first guidance for transparent reporting of systematic reviews and maps in the field of environmental management and conservation. ROSES is designed to accommodate the diversity of methods applied to a wide-variety of review subjects. The tool therefore necessarily reflects some of the heterogeneity and inter-disciplinarily of topics within the conservation and environmental management field. We also see no restrictions in application or adaptation of ROSES across other fields with a similar level of complexity of topics and methods.
ROSES focuses on the earlier and middle stages of the review process, i.e. searching, screening, data extraction and critical appraisal, whilst there is limited detail regarding synthesis. This is a necessary aspect of a form that aims to be applicable to a wide variety of synthesis methods. We believe this flexibility is a key strength of ROSES. Synthesis is a highly complex and context specific process in any systematic review, and developing a universally valid reporting standard for all possible forms of synthesis would be unwieldy and impractical. Rather than focus on what has perhaps been the most common form of synthesis across CEE reviews to date (i.e. meta-analysis), we have learnt from our experiences as systematic reviewers and anticipate a growing interest in alternative forms of synthesis, including narrative-only synthesis, framework synthesis, and mixed methods approaches. As such, we hope to produce tailored 'add on' reporting standards for key methods as we are able to do so, ensuring that each is produced with care and sufficient expertise to stand the test of time.
In comparison to the existing reporting guidance (e.g. PRISMA), ROSES combines reporting with methodological advice and thus highlights 'gold standard' methods to support production of higher quality protocols and reviews. Moreover, ROSES provides detailed and precise instructions with examples for all stages of the review process including planning, conduct and reporting (e.g. "Detail the planned search strategy to be used, including: database names accessed, institutional subscriptions (or date ranges subscribed for each database), search options (e.g. 'topic words' or 'full text' search facility). "). This level of detail should leave no space for substandard reporting.
Apart from a simple checklist, authors are asked to extract key conduct-related information and submit that information along with their reports. This 1-page overview of the whole review process facilitates rapid editorial and peer-review decisions, allowing for more transparent and constructive feedback to be provided by directly relating comments to specific required steps and necessary information. In addition, the structure provided within the ROSES collated meta-data could help peer-reviewers to get a rapid overview of the methods necessary for a CEE review. As a result of this support, we believe ROSES has the power to decrease the time between submission and final publication.
However, ROSES is considerably longer than the current PRISMA forms and it will, therefore, undoubtedly take more time for authors to complete. Nevertheless, we believe that this time requirement (a matter of several hours) would improve manuscripts, reduce the time requirement during manuscript consideration, and would prevent unnecessary bouncing of manuscripts back to authors where necessary information is lacking. We strongly recommend that authors begin to complete ROSES pro forma as early as possible. This will help to structure the planning and conduct of the review and facilitate submission.
Conclusions
ROSES provides the conservation and environmental management research synthesis community with a detailed set of reporting standards that have been tailored to the field. We have carefully considered systematic mapping, narrative and qualitative synthesis methods when producing ROSES, and we see these developments as being equally important for other fields where reporting standards in systematic reviews are needed. By increasing the resolution of checklist points and providing rich instructional information we have aimed to demonstrate the necessary level of rigour in a 'gold standard' review, and assist reviewers in attaining those standards. By splitting the pro forma into a checklist and a collation of metadata, we hope to facilitate review and appraisal of the methods that have been proposed or used. Finally, extraction and storage of meta-data would allow the research community to examine methods in systematic reviews and maps across the field, helping to develop new methodologies and propose novel best practices for high quality syntheses.
As has been done in the health sector and with PRISMA, there is a need to continually refine reporting standards as methods and terminology evolves (see also an online database for reporting guidelines under development [44] ). Additionally, we see a need to develop extensions, just as with PRISMA, to extend reporting guidelines into specific areas such as ROSES extensions for synthesis methods (quantitative, qualitative and mixmethods) or for abstracts. We believe that ROSES will not only benefit the CEE community, but also those who wish to conduct a review in a systematic way but do not have the resources for a full systematic review or map [45] .
